The problems of production of copper-nicckel alloys ingots by semicontinuous casting method are analysed. The requirement of grain size refinement in cast alloys macrostructure is shown. It is necessary to reduce the probability of hot cracks formation and increase the fabricability of cast bars during plastic working. The reasonability of fine fraction of Ni-Mg-Ce master alloy application for inoculation of copper-nickel alloys is established. The results of laboratory experiments on the study of master alloy quantity influence the structure and hardness of Cu-5Ni-1Fe, Cu-10Ni-1Fe-1Mn and Cu-30Ni-1Fe-1Mn copper-nickel alloys are presented. On the basis of industrial experiments it is revealed that inoculation of Cu-5Ni-Fe alloy ingots of diameter 200 mm by Ni-Mg-Ce master alloy leads to considerable reducing of macrograin size. It allows to improve mechanical properties of ingots and ensure their uniform distribution in cross section of ingots. It is established that residual magnesium content in alloy must be in range from 0,02 to 0,06 wt. %. The use of NiMg-Ce master alloy makes it possible to increase the processability of copper-nickel alloys during plastic working and utilize the fine fraction master alloy scrap inevitably formed during its production.
Intorduction
At present wrought copper-nickel alloys are widely used in various industries. Some are used for manufacturing of high-duty tubes for heat exchangers in shipbuilding and atomic industry. Therefore high specifications for chemical composition, mechanical properties, corrosion resistance and cavitation resistance of this alloys must be carry out [1] . Copper-nickel alloys are melted in the cored induction furnace. Ingots are poured in the water-cooled crystallizer by semicontinuous casting method. The competitiveness of these alloys production is determined not only by its quality, but also by its value. Recently the percentage of scrap and waste with increased sulfur content in the composition of charge materials has increased. Sulfur is undesirable
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Technogen Conference Proceedings impurity in copper-nickel alloys. It forms eutectic with copper and nickel. The eutectic locates along grain boundary, slacks grain boundary and makes for ingots cracking during plastic working. Traditionally a carbon black is used as melt cover in crystallizer.
A carbon black has low heat conductivity. This fact leads to high temperature difference between central zones and surface of ingot. The temperature difference can reach value of 700 ∘ C leaving the crystallizer. It makes for arising of thermal stresses and forming cracks in the central zones of ingot [2] [3] [4] . It is known that the grain refinement is an effective method of effort to hot cracks formation. Moreower the equiaxial finegrained ingot structure is preferable for plastic working. Basic methods of ingots structure reducing are vibration, electromagnetic exposure and addition of modifier and inoculators in the melt. The addition of modifier is the most reasonable and practically feasible method of ingots structure reducing.
Magnesium is one of modifiers for copper-nickel alloys. It neutralizes harmful effect of sulphur due to magnesium sulfide MgS formation. Moreover use of magnesium provides effective deoxidizing of copper-nickel alloys due to magnesium affinity for oxygen [5] . The formed particles of MgO may be additional centers of crystallization.
However addition metallic magnesium in the melt of copper-nickel alloys is difficult because of low density and low boiling temperature of magnesium. Therefore it is appropriate that magnesium will be added in the melt as a component of master alloy.
The heavy Ni-Mg-Ce master alloy is used for high-strength cast iron producing.
The master alloy is supplied in pieces of 20...110 mm in size. The master alloy ingots are crushed. This produces a large quantity of fine fraction. In the process of this fraction remelting there is significant loss of metal with slag. To reduce the amount of irrecoverable losses it is necessary to search for alternative spheres of fine fraction of Ni-Mg-Ce master alloy application. So long as nickel is main alloying element in copper-nickel alloys the one of variants of master alloy fine fraction application is its use as modifier for copper-nickel alloys during ingots casting.
In this article the problem of identification of influence of Ni-Mg-Ce master alloy addition on structure and mechanical properties of copper-nickel alloys is posed. To achieve the assigned aim the series of experiments on inoculation of Cu-5Ni-1Fe, Cu10Ni-1Fe-1Mn and Cu-30Ni-1Fe-1Mn by Ni-Mg-Ce master alloy was carried out. The Cu-5Ni-1Fe
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Results and Discussion
Alloys were melted in the cored induction furnace with the charcoal on the melt surface. The melt was took in the graphit-chamotte crucible. Ni-Mg-Ce master alloy was added in melt at the rate 0,01…0,2 % of magnesium based on the melt weight. The melt in the crucible was blended and poured in the steel casting mold. Ingots had diameter of 40 mm and height of 100 mm. For metallographic analysis and residual magnesium content determination ingots were cuted to obtain samples. The influence of Ni-Mg-Ce master alloy additions was evaluated on the basis of average grain area change. The results of experiments are presented in Table 1 .
The metallographic analysis of alloys Cu-5Ni-1Fe, Cu-10Ni-1Fe-1Mn, Cu-30Ni-1Fe-1Mn samples has shown that Ni-Mg-Ce master alloy addition leads to effective grain reduce in the alloys structure.
Moreover the hardness of copper-nickel alloys samples was determined. The relationship between Vickers hardness and residual magnesium content is shown at Figure   1 . It is established that copper-nickel alloys Cu-5Ni-1Fe and Cu-10Ni-1Fe-1Mn have a maximum Vickers hardness in case of residual magnesium content in the range from 0,02 to 0,04 wt. %. The alloy Cu-30Ni-1Fe-1Mn has a maximum hardness in case of magnesium content 0,008…0,012 wt. %.
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In case of residual Mg content exceeds 0.03% the hardness decreases because binding energy of grain boundaries is decreased. This fact leads to decrease in the hardness of alloys [6] . The analysis of ingots macrostructure shown that alloy inoculation using Ni-MgCe master alloy the significant decrease of average grain area is observed. In this case the average grain area is practically unchanged along ingot radius. This structure provides even distribution of mechanical properties in the cross section of ingot. It is corraborated by results of mechanical tests of samples cuted from ingots (see Table   2 ). It is seen that ingots poured using inoculation have higher strength and plastic properties. At the same time values of properties have a slight variation in the cross section of ingots.
Summary
The results of experiments made it possible to draw a conclusion about reasonability of using a fine fraction of Ni-Mg-Ce master alloy as a modifying additive for coppernickel alloys. At the same time that residual magnesium content in alloy must be in range from 0,02 to 0,06 wt. %. The use of Ni-Mg-Ce master alloy makes it possible to increase the fabricability of copper-nickel alloys during plastic working and utilize the fine fraction master alloy scrap inevitably formed during its production.
